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Abs t rac t .  A f t e r  l u t e a l  c e l l s  from 7  m i d l u t e a l  phase 
cynomolgus monkeys were c u l t u r e d  f o r  72 h, l u t e a l  cond i t ioned 
media were found t o  con ta i n  ang io t r op i c  a c t i v i t y  t h a t  s t imu la ted  
endothel i a l  c e l l  m ig ra t i on  i n  v i  t r o ,  us i ng  a  48-microwell  
chemotaxis assembly. The number o f  endo the l i a l  c e l l s  t h a t  
m igra ted  through 8  pm-pore polycarbonate membranes i n  2  h  was 
t h r e e - f o l d  g rea te r  (P < 0.01) w i t h  l u t e a l  ce l l - cond i t i oned  vs 
i d e n t i c a l  uncondi t ioned media. Pre- t reatment  o f  1  u tea l  c u l t u r e s  
w i t h  hCG, FSH, o r  tes tos te rone d i d  n o t  enhance produc t ion  o f  t he  
endothel i a l  c e l l  m ig ra t i on  s t i m u l a t i n g  a c t i v i t y  (P > 0.25). 
Lu tea l  ang io t r op i c  a c t i v i t y  was bo th  chemotactic and chemokinetic. 
Ang io t rop ic  a c t i v i t y  was re ta i ned  i n  s te ro id -dep le ted  f r a c t i o n s  
a f t e r  reversed-phase chromatography. These r e s u l t s  demonstrate 
t h a t  monkey l u t e a l  c e l l s  secre te  a  non-s te ro ida l  f a c t o r ( s )  which 
d i r e c t l y  s t i m u l a t e ( s )  m i g r a t i o n  o f  endothel i a l  c e l l s  i n  v i  t r o .  A  
l u t e a l  ang io t r op i c  f a c t o r  may be an impor tan t  i n t r a o v a r i a n  
r e g u l a t o r  of t he  fo rmat ion  and l i f e s p a n  o f  t he  p r imate  corpus 
luteurn du r i ng  t he  ovar ian  cyc le .  e 1985 Society for  Experimental Biology and 
Medicine. 

During the  ovar ian  cyc le ,  growth t o r s  o f  1  u t e i n i z a t i o n  and l u t e a l  1  i f e -  
and development o f  f o l l i c l e s  and span. The present  s tudy has used an 
corpora l u t e a  a re  accompanied by i n  v i t r o  bioassay t o  o b t a i n  a  d i r e c t ,  
fo rmat ion  of new i n t r i n s i c  b lood ob jec t i ve ,  and q u a n t i t a t i v e  measure of 
vessels ( 1 ) .  As t he  corpus luteum ang io t rop i c  a c t i v i t y  from c u l t u r e d  
forms f rom the  rup tu red  f o l l i c l e  a f t e r  monkey l u t e a l  c e l l s .  
ovu la t i on ,  new capi  1  l a r i e s  invade t he  
p rev ious l y  avascular  membrana granu- 
iosa .  That i s ,  endo the l i a l  - c e l l s  
m igra te  across the  basal lamina, 
sprou t  and develop i n t o  s inuso ida l  
vessels ( 2 ) .  There i s  a  concomitant 
i n v o l u t i o n  o f  b lood vessels w i t h  
f o l l i c l e  a t r e s i a  o r  l u t e o l y s i s .  Thus, 
i n t r a o v a r i a n  f a c t o r s  t h a t  i n f l uence  
angiogenesis may be impor tan t  regu la -  
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Ma te r i a l  s  and Methods. Corpora 
l u t e a  from m id - l u tea l  phase (day 17-19 
o f  t he  menstrual c y c l e )  cynomolgus 
monkeys were d ispersed w i t h  c o l -  
lagenase (3 )  and c u l t u r e d  i n  Falcon 
24-we1 1  p l a t e s  ( 1 x l o 5  c e l l  s/wel 1  /ml ) 
f o r  72 h  i n  Dulbecco's Mod i f i ed  Eagle 
Medium (GIBCO) supplemented w i t h  25 mm 
HEPES, 10% f e t a l  bovine serum (FBS; 
GIBCO), p e n i c i l l i n  and s t rep tomyc in  
(GIBCO) and: 1 )  no hormones; 2) 1.0 
IU/ml hCG (Sigma); 3 )  100 ng/ml 
tes tos te rone (Sigma) ; 4)  100 ng/ml FSH 
(NIH oFSH-S14); o r  5) 1.0 I U  hCG + 
100 ng/m1 tes tos te rone.  Endo the l i a l  
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cells were isolated after lightly 
scrapi ng coll agenase-treated thoracic 
aortas from New Zealand White rabbits 
and then cultured in CMRL 1066 (GIBCO) 
supplemented with 25 mM HEPES, 10% 
calf serum, 10% FBS, 2 mM glutamine, 
and penicillin/streptomycin. Endo- 
the1 ial cell s were subcultured (1:4 
spl it, using 0.05% trypsin-0.02% EDTA) 
at ~2 week intervals and then used in 
the bioassay at the second or third 
passage. Aortic cells used in the 
bioassay were tentatively identified 
as endothelial cells based on three 
criteria: maintenance of a strict 
mono1 ayer at conf 1 uence; characteri s- 
tic cobblestone appearance; and 
positive immunocytochemical staining 
for angiotensin-converting enzyme 
(4,5,6) 

To test the ability of luteal 
cell-conditioned media to stimulate 
migration of endothelial cells in 
vi tro, chemotaxi s assays were con- 
ducted in 48-microwel 1 modified 
Boyden chamber assembl ies (7, Neuro- 
probe). Briefly, each bottom well was 
filled (30 ~ 1 )  with luteal cell-condi- 
tioned or identical unconditioned 
media and an 8 pm-pore polycarbonate 
chemotaxis membrane (25 x 80 mm; 
Nuclepore) was placed on top (8). 
With the top plate affixed over the 
membrane, %7.5 x lo4 trypsinized rab- 
bit aortic endothel ial cell s, sus- 
pended in CMRL 1066 containing 0.5% 
FBS, were a1 iquoted to each top we1 1. 
After 2 h incubation at 37°C (5% CO,), 
the top of each membrane was wiped 
over the edge of a rubber blade to 
remove non-migrated cell s. Each mem- 
brane was fixed, stained (Diff-Qui k) , 
and mounted on a glass slide. To 
estimate the number of cells that 
migrated through the membrane into 
each lower well: each circle of 
stained cells (8 mm2 membrane 
area/wel 1 ) was centered be1 ow the 10X 
objective; cells wholly within an 
eyepiece reticle grid (0.64 mm2 mem- 
brane area) were counted and the sum 
converted to cell s/mm2. Statistical 
comparisons were performed by analysis 
of variance and multiple range tests. 

Results. Media conditioned by 
monkey 1 uteal cell s markedly stimu- 
lated migration of endothelial cells 
(Fig. 1 )  The number of endothelial 
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Fig. 1 .  Migration r a t e  of endothelial  
c e l l  s  from top chambers, containing 
s7.5 x l o 4  cel ls /wel l  in CMRL 1066 + 0.5% 
FBS, through 8 pm-pore polycarbonate 
membranes t o  bottom chambers containing 
luteal  conditioned media (open bars)  o r  
ident ical  unconditioned media (closed 
bars) .  Individual samples were assayed 
in  adjacent t r i p l i c a t e  wells.  Height of 
each bar i s  the  average (+  SE) of 7 mon- 
keys. CONTROL re fe r s  t o  media not sup- 
plemented with tes tos terone ( T )  , FSH, o r  
hCG during lu tea l  c e l l  cu l tu res .  

cells that migrated through 8 vm-pore 
polycarbonate membranes within 2 h was 
three-fold greater when luteal cell- 
conditioned media (open bars) vs iden- 
tical unconditioned media (closed 
bars) were in bottom wells ( P  < 0.01). 
Hormone treatments during luteal cell 
culture had no additional augmenting 
effect on luteal production of angio- 
tropic activity ( P  > 0.25). Condi- 
tioned and unconditioned media were 
fractionated using reversed-phase CI8 
col umns (Baker) to remove steroids. 
Activity in the steroid-depleted frac- 
tion was decreased but was not differ- 
ent (P > 0.2) from unfractionated 
medium (Fig. 2). Steroid fractions 
reconstituted with unconditioned media 
were not more active than uncondi- 
tioned media alone. 

To determine whether the 
migration stimulating activity from 
1 uteal cell s represented chemotaxi s 
or chemokinesis, each combination of 
unconditioned or luteal cell-condi- 
tioned medium in top and bottom wells 
of the chamber was used in the 
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Fig.  2. Endothe l ia l  c e l l  m ig ra t i on  i n  response t o  media f r a c t i o n a t e d  by e l u t i o n  
through C18 reversed-phase columns which r e t a i n  >95% o f  the  s tero ids .  A f t e r  
e l u t i n g  w i t h  methanol and d ry ing  under vacuum, s t e r o i d  f r a c t i o n s  were recons t i  - 
t u t e d  i n  uncondi t ioned medium. Each bar represents the  mean ( +  SE) based on 
t r i p l i c a t e  determinat ions f o r  4 monkeys. 

Fig.  3. Demonstrati on o f  bo th  chemotactic and chemokinetic e f fec ts  of 1  u tea l  
condi t i oned  (C) vs uncondi t i oned  ( U )  media on endothel i a l  c e l l  migra t ion .  Each 
bar dep i c t s  the  composite mean (+  SE) o f  t r i p l i c a t e  we l l s  f o r  6 monkeys; bars 
w i t h  d i f f e r e n t  superscr ip ts  are  d i f f e r e n t  ( P  < 0.01). 

bioassay (F ig .  3 ) .  That i s ,  a 
2 x 2 f a c t o r i a l  design was used t o  
d i s t i n g u i s h  between endo the l i a l  c e l l  
movement i n  response t o  a concentra- 
t i o n  g rad ien t  (chemotaxis) and st imu- 
l a t i o n  o f  c e l l  m o t i l i t y  per  se, 
(chemokinesis). As dep ic ted  i n  F ig.  
3, a chemokinetic component, which 
increased c e l l  m i g r a t i o n  from about 
170 ce l  ls/mm2/2 h (U/U) t o  about 260 
cel ls/mm*/2 h (C/C), was observed i n  
t he  absence o f  a concent ra t ion  d i f -  
ference across t he  membrane. Endo- 
t h e l i a l  c e l l  m o t i l i t y  was increased t o  
a comparable degree when cond i t ioned 
media were present  on l y  i n  upper w e l l s  
(C/U). The g rea tes t  s t imu la t i on ,  t o  
about 320 cel ls/mm2/2 h, occurred i n  
t h e  U/C arrangement, which i n d i c a t e s  a 
chemotactic s t i m u l a t i o n  beyond chemo- 
k i n e s i s  ( i .e . ,  U/C > C/C o r  C/U). 

Discussion.  These r e s u l t s  demon- 
s t r a t e  t h a t  monkey l u t e a l  c e l l s  r e -  
1 ease a nons tero ida l  f a c t o r ( s )  t h a t  
markedly s t imu la tes  endothel i a l  c e l l  
m ig ra t i on  i n  v i t r o .  Th is  a c t i v i t y  
meets c r i t e r i a  of an angiogenic f a c t o r  
(9, lO): s t i m u l a t i o n  o f  endothel i a l  

c e l l  m i g r a t i o n  i s  d i r e c t ,  i .e .  n o t  
mediated by o the r  c e l l  -types; 
endo the l i a l  c e l l  response i s  r a p i d  (up 
t o  t h r e e - f o l d  increases i n  2 h); 
s t i m u l a t i o n  i s  chemotactic n o t  j u s t  
chemokinetic, i .e .  n o t  o n l y  i s  
endo the l i a l  c e l l  m o t i l i t y  increased, 
n e t  c e l l  movement i s  g rea tes t  up a 
concent ra t ion  g rad ien t .  Although 
nonspec i f i c  c o n d i t i o n i n g  o f  media 
cannot be excluded, t h e  na tu re  o f  
responses observed provides c i r -  
cumstan t ia l  evidence f o r  l u t e a l  c e l l  
sec re t i on  o f  a s p e c i f i c  ang io t r op i c  
substance(s) . 

Our f i n d i n g s  w i t h  monkey l u t e a l  
c e l l s  extend e a r l i e r  observat ions by 
o thers  (11,12) o f  1 u tea l  angiogenesis 
i n  nonprimate species; more recent  
s tud ies ,  us ing  i n  v i v o  and i n  v i t r o  
bioassays (13,14), i n d i c a t e  f o l l  i c u l a r  
angiogenic a c t i v i t y  i n  t he  ovary, as 
w e l l .  Although i n  v i v o  s tud ies  a re  
needed t o  conf i rm angiogenic a c t i v i t y  
o f  t he  monkey corpus luteum, t he  i n  
v i  t r o  bioassay employed here has t he  
advantages o f  demonstrat ing d i r e c t  
endo the l i o t r op i c  ac t i on ,  and of 
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providing objective and quantitative 
criteria of angiotropic effects. The 
microwell Boyden chamber technique not 
only permits distinction between 
chemotaxi s and chemokinesi s (8,15), it 
also allows rapid screening of samples 
for angiotropic activity. 

In summary, demonstration of 
angiotropic activity in media condi- 
tioned by monkey luteal cells suggests 
that the primate corpus luteum 
secretes in vivo an angiogenic factor 
that may be important in regulating 
its formation and lifespan. These 
kinds of findings underscore the 
importance of intraovarian mechanisms 
(16) in the control of the ovary's 
cyclic structures and, in turn, the 
primate ovarian cycle (17). 
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